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Array Substrate for Liquid Crystal Display Device and 
Manufacturing Method Thereof 

Cross Reference 

[01] This application claims the benefit of Korean Patent Application No. 
2000-86332, filed on December 29, 2000, under 35 U.S.C. § 119, the entirety of which is 
hereby incorporated by reference. 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[02] The present invention relates to a liquid crystal display device, and more 
particularly to an array substrate for a liquid crystal display device having good contact 
property and high aperture ratio. 

10 

Description of Related Art 

[03] Generally, conventional liquid crystal display (LCD) devices include 
upper and lower substrates with liquid crystal molecules interposed therebetween. The 
upper and lower substrates are generally referred to as a color filter substrate and an 

15 array substrate, respectively. The upper and lower substrates respectively include 
electrodes disposed on opposing surfaces of the upper and lower substrates. An electric 
field is generated by applying a voltage to the electrodes, thereby driving the liquid 
crystal molecules to display images depending on the light transmittance. 

[04] Among the different types of known LCDs, active matrix LCDs (AM- 

20 LCDs), which have thin film transistors and pixel electrodes arranged in a matrix form, 
are the subject of significant research and development because of their high resolution 
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and superiority in displaying moving images. The conventional AM-LCD devices, in 
which the liquid crystal layer is driven by the electric field perpendicular to the upper 
and lower substrates, have a high transmittance and a high aperture ratio and the 
common electrode of the upper substrate is grounded so that the break of the devices due 
to the static electricity can be prevented. 

[05] On the other hand, the lower substrate of the LCD device is formed by 
repeatedly depositing and etching the thin film layer. Usually, the number of masks used 
in photolithography processs is about 5 or 6 and represents the number of processes. 

[06] FIG. 1 is a schematic plan view of an array (lower) substrate for a 
conventional LCD device and FIG. 2 is a schematic cross-sectional view taken along a 
line "n-II" of FIG. 1. 

[07] In FIGs. 1 and 2, a gate line 21 along a row direction and a gate electrode 
22 extended from the gate line 21 are formed on a substrate 10. Then, a gate insulator 30 
is formed on the gate line 21 and the gate electrode 22. Subsequently, an active layer 41 
and an ohmic contact layer 51 and 52 are formed on the gate insulator 30. On the ohmic 
contact layer 51 and 52, a data line 61, source and drain electrodes 62 and 63 and a 
storage electrode 65 are formed. The data line 61 is disposed perpendicular to the gate 
line 21, the source electrode 62 is extended from the data line 61, the drain electrode 63 
is facing and spaced apart from the source electrode 62, and the storage electrode 65 
overlaps the gate line 21. The data line 61, source and drain electrodes 62 and 63 and the 
storage electrode 65 are covered with a passivation layer 70 having first and second 
contact holes 71 and 72. The first and second contact holes 71 and 72 expose the drain 
and storage electrodes 63 and 65, respectively. A pixel electrode 81 is formed on the 
passivation layer 70 at a pixel region defined by the gate and data lines 21 and 61. The 
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pixel electrode 81 of indium-tin-oxide (ITO) or indium-zinc-oxide (IZO) is connected to 
the drain and storage electrodes 63 and 65 through the first and second contact holes 71 
and 72, respectively. 

[08] In the fabricating process of the array substrate discussed above, the first 
and second contact holes 71 and 72 are formed by depositing and patterning the 
passivation layer 70. However, during the photolithography and etch process, the 
passivation layer can be contaminated by organic materials due to the incomplete drying 
after etching and cleaning process or impurities of the fabrication apparatus. In the 
following deposition process of ITO for the pixel electrode 81, this contamination 
weakens the adhesion between the passivation layer 70 and ITO film so that the etching 
solution for ITO film can permeate into the interface of the passivation layer 70 and ITO 
film. Therefore, the drain electrode 63 under the first contact hole 71 is easily corroded 
by the etching solution and the electric open circuit is created between the drain and 
pixel electrodes 63 and 81. 

[09] Moreover, since the drain and pixel electrodes 63 and 81 are connected 
through the first contact hole 71, a portion of the drain electrode 63 overlapping the pixel 
electrode 81 should have an area larger than a specific value. However, since the drain 
electrode 63 is opaque, the larger the area of overlapping drain electrode is, the lower the 
aperture ratio will be. 

BRIEF SUMMARY OF THE INVENTION 
[10] Accordingly, the present invention is directed to an array substrate for a 
liquid crystal display device that substantially obviates one or more of the problems due 
to limitations and disadvantages of the related art. 
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[11] An object of the present invention is to provide an array substrate for a 
liquid crystal device and a manufacturing method thereof that prevent deterioration 
between drain and pixel electrodes. 

[12] Another object of the present invention is to provide an array substrate for 
5 a liquid crystal device and a manufacturing method thereof that have an improved 
aperture ratio. 

[13] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the 
10 invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

[14] To achieve these and other advantages and in accordance with the purpose 
of the present invention, as embodied and broadly described, an array substrate for a 
liquid crystal display device includes a substrate; gate and data lines perpendicular to 
15 each other on the substrate; a thin film transistor connected to the gate and data lines, the 
thin film transistor having a semiconductor layer, and source and drain electrodes facing 
and spaced apart from each other; a passivation layer over the gate and data lines and the 
thin film transistor, the passivation layer having a contact hole exposing a portion of top 
and side surfaces of the drain electrode; and a pixel electrode on the passivation layer, 
20 the pixel electrode connected to the drain electrode through the contact hole. 

[15] In another aspect of the present invention, an array substrate for a liquid 
crystal display device includes a substrate; gate and data lines perpendicular to each 
other on the substrate; a thin film transistor connected to the gate and data lines, the thin 
film transistor having a semiconductor layer, a plurality of ohmic contact layers, and 
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source and drain electrodes; a passivation layer pattern on the data line and the thin film 
transistor, the passivation layer pattern exposing a portion of top and side surfaces of the 
drain electrode; and a pixel electrode connected to the drain electrode. 

[16] In another aspect of the present invention, a fabricating method of an 
array substrate for a liquid crystal display device includes forming a gate line on a 
substrate; forming a gate insulator on the gate line; forming a semiconductor layer on the 
gate insulator; forming an ohmic contact layer on the semiconductor layer; forming a 
data line and source and drain electrodes on the ohmic contact layer, the source electrode 
connected to the data line, the source and drain electrodes facing and spaced apart from 
each other; forming a passivation layer having a contact hole on the data line, source and 
drain electrodes, the contact hole exposing a portion of top and side surfaces of the drain 
electrode; and forming a pixel electrode on the passivation layer, the pixel electrode 
connected to the drain electrode through the contact hole. 

[17] In another aspect of the present invention, a fabricating method of an 
array substrate for a liquid crystal display device includes forming a gate line on a 
substrate with a first mask; subsequently depositing a gate insulator, an amorphous 
silicon layer, a doped amorphous silicon layer and a metal layer on the gate line; forming 
a semiconductor layer, a plurality of ohmic contact layers, a data line, and source and 
drain electrodes with a second mask; forming a passivation layer pattern on the source 
and drain electrodes with a third mask, the passivation layer pattern covering a crossing 
portion of the gate and data lines and exposing a portion of top and side surfaces of the 
drain electrode; and forming a pixel electrode connected to the drain electrode with a 
fourth mask. 
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[18] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[19] The present invention will become more fully understood from the detailed 

description given hereinbelow and the accompanying drawings which are given by way of 

illustration only, and thus do not limit the present invention. 

[20] FIG. 1 is a schematic plan view of an array substrate for a conventional 

liquid crystal display device; 

[21] FIG. 2 is a schematic cross-sectional view taken along a line "II-II" of 

FIG. 1; 

[22] FIG. 3 is a schematic plan view of an array substrate for a liquid crystal 
display device according to a first embodiment of the present invention; 

[23] FIGs. 4A to 4E are sequential schematic cross-sectional views taken along 
a line "IV-IV" of FIG. 3; 

[24] FIG. 5 is a schematic plan view of an array substrate for a liquid crystal 
display device according to a second embodiment of the present invention; and 

[25] FIGs. 6A to 6D are sequential schematic cross-sectional views taken 
along a line "VI- VI" of FIG. 5. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[26] Reference will now be made in detail to the preferred embodiments of the 
present invention, example of which is illustrated in the accompanying drawing. 
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[27] FIG. 3 is a schematic plan view of an array substrate for a liquid crystal 
display device according to a first embodiment of the present invention and FIGs. 4A to 
4E are sequential schematic cross-sectional views taken along a line "IV-rV" of FIG. 3. 

[28] In FIGs. 3 and 4E, a gate line 121 along a row direction and a gate 
5 electrode 122 extended from the gate line 121 are formed on a substrate 110 of a 
transparent material such as glass. Then, a gate insulator 130 made of silicon nitride 
(SiNx), silicon oxide (Si0 2 ), or the like is formed on the gate line 121 and the gate 
electrode 122. Subsequently, an active layer 141 and an ohmic contact layer 151 and 
152 are formed on the gate insulator 130. On the ohmic contact layer 151 and 152, a 
10 data line 161, source and drain electrodes 162 and 163 and a storage electrode 165 are 
formed. The data line 161 is disposed perpendicular to the gate line 121, the source 
electrode 162 is extended from the data line 161, the drain electrode 163 is facing and 
spaced apart from the source electrode 162, and the storage electrode 165 overlaps the 
gate line 121. 

15 [29] The data line 161, source and drain electrodes 162 and 163 and the 

storage electrode 165 are covered with a passivation layer 170 having first and second 
contact holes 171 and 172. The first and second contact holes 171 and 172 expose the 
drain and storage electrodes 163 and 165, respectively. Particularly, the first contact 
hole 171 exposes a portion of top and side surfaces of the drain electrode 163. 

20 Moreover, at a region adjacent to the exposed edge of the drain electrode 163, not only 
the passivation layer 170 but also the gate insulator 130 is etched. A pixel electrode 181 
is formed on the passivation layer 170 at a pixel region defined by the gate and data lines 
121 and 161. The pixel electrode 181 is connected to the drain and storage electrodes 
163 and 165 through the first and second contact holes 171 and 172, respectively, where 
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the pixel electrode 181 contacts the exposed portion of top and side surfaces of the drain 
electrode 162. On the other hand, the storage electrode 165 connected to the pixel 
electrode 181 forms a storage capacitor with the gate line 121 and the storage capacitor 
can be formed between the gate line 121 and the pixel electrode 181 without the storage 
electrode 165. 

[30] The method of forming the array substrate of FIG. 3 will now be 
discussed referring to FIGs. 4A-4E according to an embodiment of the present invention. 

[31] In FIG. 4A, a gate line 121 and a gate electrode 122 are formed on a 
substrate 110 by depositing and patterning a metallic material using a first mask. 
Although, the metallic material of good adhesion and low resistance is preferred, other 
types of metallic material may be used. 

[32] In FIG. 4B, after a gate insulator 130, an amorphous silicon and a doped 
amorphous silicon are subsequently deposited, an active layer 141 and an ohmic contact 
layer 153 are respectively formed over the gate electrode 122 by pattering the amorphous 
silicon and the doped amorphous silicon using photolithography and etch processes with 
a second mask. 

[33] In FIG. 4C, a data line 161 (of FIG. 3), source and drain electrodes 162 
and 163 and a storage electrode 165 are formed by depositing and patterning a metallic 
material using a third mask. Ohmic contact layers 151 and 152 are formed by etching a 
portion of the ohmic contact layer 153 (doped amorphous silicon layer) between the 
source and drain electrodes 162 and 163. 

[34] In FIG. 4D, after a passivation layer 170 made of SiNx, Si0 2 , or organic 
insulating material is formed on the entire surface of the substrate 110, first and second 
contact holes 171 and 172, which respectively expose portions of the drain and storage 
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electrodes 163 and 165, are formed by patterning the passivation layer 170 using a fourth 
mask. Here, the first contact hole 171 exposes a portion of top and side surfaces of the 
drain electrode 163. Moreover, since the selectivity of etch rate between the passivation 
layer 170 and the gate insulator 130 is too low, a portion of the gate insulator 130 
adjacent to the exposed edge of the drain electrode 163 is also etched so that a surface of 
the substrate 110 is exposed. In another embodiment, the first contact hole 171 can 
expose the entire surface of the drain electrode 163. 

[34] In FIG. 4E, a pixel electrode 181 is formed by depositing and patterning a 
transparent conductive material such as ITO or IZO using a fifth mask. The pixel 
electrode 181 is electrically connected to and contacts the drain and storage electrodes 
163 and 165 through the first and second contact holes 171 and 172, respectively. Since 
the pixel electrode 181 contacts the exposed portion of top and side surfaces of the drain 
electrode 163, the electric open often caused by an etching solution can be prevented. 
Furthermore, since the portion of the side surface of the drain electrode 163 is also 
exposed and contacts the pixel electrode 181 through the first contact hole 171, the area 
of the top surface of the drain electrode 163 can be decreased which improves the 
aperture ratio of the LCD device. 

[35] However, since the photolithography and etch processes include many 
steps such as cleaning, deposition of photo resist (PR), exposure, development and 
etching, the fabricating process using five masks can have drawbacks of lengthy 
fabrication time and high cost. Therefore, a reduction in the number of masks used is 
desired and a second embodiment of the present invention implements this reduction in 
the number of masks used. 

[36] FIG. 5 is a schematic plan view of an array substrate for a liquid crystal 
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display device according to a second embodiment of the present invention and FIGs. 6A 
to 6D are sequential schematic cross-sectional views taken along a line "VI-VI" of FIG. 
5. 

[38] In FIGs. 5 and 6D, a gate line 221 along a row direction and a gate 
electrode 222 extended from the gate line 221 are formed on a substrate 210. Then, a 
gate insulator 230 is formed on the gate line 221 and the gate electrode 222. 
Semiconductor layers 241 and 245 are formed on the gate insulator 230 and ohmic 
contact layers 251, 252 and 255 are formed thereon. The semiconductor layer 241 over 
the gate electrode 222 becomes an active layer of a TFT (thin film transistor). On the 
ohmic contact layers 251, 252 and 255, a data line 261, source and drain electrodes 262 
and 263 and a storage electrode 265 are formed. The data line 261 is disposed 
perpendicular to the gate line 221, the source electrode 262 is extended from the data line 
261, the drain electrode 263 is facing and spaced apart from the source electrode 262, 
and the storage electrode 265 overlaps the gate line 221, thereby forming a storage 
capacitor. The ohmic contact layers 251 and 252 have the same plane surfaces as the 
data line 261, and source and drain electrodes 262 and 263. On the other hand, the 
semiconductor layer 241 has the same plane surface as the data line 261, the source and 
drain electrodes 262 and 263 except for a portion between the source and drain 
electrodes 262 and 263. A first passivation layer 271, which overlaps the drain electrode 
263 and exposes a portion of top and side surfaces of the drain electrode 263, is formed 
on the data line 261 and the source and drain electrodes 262 and 263. On the storage 
electrode 265, a second passivation layer 272, which has a contact hole 273 exposing the 
storage electrode 265, is formed. Then, a pixel electrode 281 made of a transparent 
conductive material such as ITO or IZO is formed at a pixel region defined by the gate 

10 
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and data lines 221 and 261, where the pixel electrode 281 contacts the exposed portion of 
top and side surfaces of the drain electrode 263 and the storage electrode 265 through the 
contact hole 273. In another embodiment, the storage capacitor can be formed between 
the gate line 221 and the pixel electrode 281 without the storage electrode 265. In 
5 another embodiment, the second passivation layer 272 can be stripped out in the 
patterning process, whereby the pixel electrode 281 directly contacts the storage 
electrode 265 without the interposed passivation layer (272). 
U I 38 ! The method of forming the array substrate of FIG. 5 will now be 

H 

J3 discussed referring to FIGs. 6A-6D according to an embodiment of the present invention. 

ru 

CO 10 In FIG. 6 A, a gate line 221 and a gate electrode 222 are formed on a substrate 210 bv 

fin 

ff I depositing and patterning a metallic material or conductive material using a first mask. 

[39] In FIG. 6B, after a gate insulator 230, an amorphous silicon, a doped 
amorphous silicon and a metallic material are subsequently deposited on the entire 
lf A surface of the substrate 210, a data line 261 (of FIG. 5), source and drain electrodes 262 

15 and 263, a storage electrode 265, ohmic contact layers 251, 252 and 255 and 
semiconductor layers 241 and 245 are formed by pattering the silicons and metallic 
material using photolithography and etch processes with a second mask. Since the 
second mask includes fine patterns such as a plurality of slits at a corresponding portion 
between the source and drain electrodes 262 and 263, multiple layers can be etched at 
20 one time by a single etch process using diffraction exposure, whereby the number of 
masks used can be reduced significantly. 

[40] In FIG. 6C, first and second passivation layers 271 and 272 are formed by 
depositing and patterning SiNx, Si0 2 , or an organic insulating material using a third 
mask. The first passivation layer 271, which overlaps the drain electrode 263 and 
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exposes a portion of top and side surfaces of the drain electrode 263, is formed on the 
data line 261 and the source and drain electrodes 262 and 263. In another embodiment, 
the entire surface of the drain electrode 263 can be exposed. On the storage electrode 
265, a second passivation layer 272, which has a contact hole 273 exposing the storage 
electrode 265, is formed. In another embodiment, the second passivation layer 272 or 
the contact hole 273 can be omitted as discussed above. 

[41] In FIG. 6D, a pixel electrode 281 is formed by depositing and patterning a 
transparent conductive material such as ITO or IZO using a fourth mask. The pixel 
electrode 281 contacts the exposed portion of top and side surfaces of the drain electrode 
263 and the exposed portion of the storage electrode 265 through the contact hole 273. 

[42] Therefore, in the second embodiment, the array substrate manufacturing 
process is simplified by fabricating the array substrate using only four masks. 

[43] Although the passivation layer at the pixel region is removed in the 
second embodiment, the passivation layer can cover the entire surface of the substrate 
with a contact hole exposing a portion of top and side surfaces of the drain electrode. 

[44] It will be apparent to those skilled in the art that various modifications and 
variation can be made in the method of manufacturing a flat pane display device of the 
present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their 
equivalents. 
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What is claimed is: 

1 . An array substrate for a liquid crystal display device, comprising: 
a substrate; 

gate and data lines crossing each other on the substrate; 

a thin film transistor connected to the gate and data lines, the thin film transistor 
having a semiconductor layer, and source and drain electrodes facing and spaced apart 
from each other; 

a passivation layer over the gate and data lines and the thin film transistor, the 
passivation layer having a contact hole exposing a portion of a side surface of the drain 
electrode; and 

a pixel electrode on the passivation layer. 

2. The array substrate according to claim 1, wherein the pixel electrode is 
electrically connected to the drain electrode through the contact hole. 

15 3. The array substrate according to claim 1, wherein the semiconductor layer has 

the same plane surface as the data line and the source and drain electrodes except for a 
portion between the source and drain electrodes. 

4. The array substrate according to claim 1, further comprising: 
a gate insulation layer formed underneath the passivation layer, wherein the 
20 contact hole is defined through the passivation layer and the gate insulation layer. 

13 
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5. The array substrate according to claim 1, wherein the contact hole further 
exposes a portion of a top surface of the drain electrode. 

6. An array substrate for a liquid crystal display device, comprising: 
a substrate; 

gate and data lines crossing each other on the substrate; 

a thin film transistor connected to the gate and data lines, the thin film transistor 
having a semiconductor layer, a plurality of ohmic contact layers, and source and drain 
electrodes; 

a passivation layer pattern on the data line and the thin film transistor, the 
passivation layer pattern exposing a portion of a side surfaces of the drain electrode; and 
a pixel electrode connected to the drain electrode. 

7. The array substrate according to claim 6, wherein the semiconductor layer has 
the same plane surface as the data line and the source and drain electrodes except for a 
portion of the semiconductor layer between the source and drain electrodes. 

8. The array substrate according to claim 6, wherein the plurality of ohmic 
contact layers have the same plane surfaces as the data line and the source and drain 
electrodes. 

9. The array substrate according to claim 6, wherein the passivation layer pattern 
exposes a portion of one side surface of the drain electrode. 

14 
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10. The array substrate according to claim 6, further comprising: 

a gate insulation film formed over the gate line, wherein a portion of the pixel 
electrode is formed directly on the gate insulation film. 

11. The array substrate according to claim 6, wherein the passivation layer 
pattern further exposes a portion of a top surface of the drain electrode. 

12. An array substrate for a display device, comprising: 
a substrate; 

a gate line on the substrate; 

a gate insulator on the gate line; 

a semiconductor layer on the gate insulator; 

a plurality of ohmic contact layers on the semiconductor layer; 

a data line and source and drain electrodes on the plurality of ohmic contact 
layers, the source electrode connected to the data line, the drain electrode facing and 
spaced apart from the source electrode; 

a passivation layer on the source and drain electrodes and covering a crossing 
portion of the gate and data lines, a portion of a side surface of the drain electrodes being 
exposed; and 

a pixel electrode connected to the drain electrode, 

wherein the plurality of ohmic contact layers have the same plane surfaces as the 
data line, and the source and drain electrodes, and 
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wherein the semiconductor layer has the same plane surface as the data line, and 
the source and drain electrodes except for a portion between the source and drain 
electrodes. 

13. The array substrate according to claim 12, wherein a portion of the pixel 
electrode is formed directly on the gate insulator. 

14. The array substrate according to claim 12, wherein the passivation exposes a 
portion of a top surface of the drain electrode. 

15. A fabricating method of an array substrate for a liquid crystal display device, 
comprising: 

forming a gate line on a substrate; 

forming an ohmic contact layer on the substrate; 

forming a data line and source and drain electrodes on the ohmic contact layer, 
the source electrode being connected to the data line, the source and drain electrodes 
facing and spaced apart from each other; 

forming a passivation layer having a contact hole on the data line and the source 
and drain electrodes, the contact hole exposing a portion of a side surface of the drain 
electrode; and 

forming a pixel electrode on the passivation layer, the pixel electrode being 
connected to the drain electrode through the contact hole. 
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16. The fabricating method according to claim 15, wherein the ohmic contact 
layer, the data line, and the source and drain electrodes are formed using a single mask. 

17. The fabricating method according to claim 15, wherein the contact hole 
exposes a portion of a top surface of the drain electrode. 

18. The fabricating method according to claim 15, further comprising: 

forming a gate insulator on the gate line and under the passivation layer, wherein 
the contact hole is defined through the passivation layer and the gate insulator. 

19. A fabricating method of an array substrate for a liquid crystal display device, 
comprising: 

forming a gate line on a substrate using a first mask; 

subsequently depositing a gate insulator, an amorphous silicon layer, a doped 
amorphous silicon layer and a conductive layer on the gate line; 

forming a semiconductor layer, a plurality of ohmic contact layers, a data line, 
and source and drain electrodes using a second mask; 

forming a passivation layer pattern on the source and drain electrodes using a 
third mask, the passivation layer pattern covering a crossing portion of the gate and the 
data lines and exposing a portion of a side surface of the drain electrode; and 

forming a pixel electrode connected to the drain electrode using a fourth mask. 

20. The fabricating method according to claim 19, wherein the passivation layer 
pattern further exposes a portion of a top surface of the drain electrode. 
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21. The fabricating method according to claim 19, further comprising: 
forming a gate insulator over the gate line, wherein a portion of the pixel 
electrode is formed directly on the gate insulator. 
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ABSTRACT OF THE DISCLOSURE 



An array substrate for a liquid crystal display device includes a substrate; gate 
and data lines perpendicular to each other on the substrate; a thin film transistor 
connected to the gate and data lines, the thin film transistor having a semiconductor 
5 layer, and source and drain electrodes facing and spaced apart from each other; a 
passivation layer over the gate and data lines and the thin film transistor, the passivation 
layer having a contact hole exposing a portion of top and side surfaces of the drain 
electrode; and a pixel electrode on the passivation layer, the pixel electrode connected to 
the drain electrode through the contact hole. 
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